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Abstract
We consider the noncommutative Standard Model that contains Lorentz symme-
try violation as a subset of the Standard Model extension. We introduce a con-
stant electromagnetic field as a background to derive mutual relations between
the free parameters of both theories. As the Lorentz violation parameters of the
Standard Model extension are extensively explored in different experiments and
many stringent bounds on these parameters are available, we can find new bounds
on the scale of noncommutativity of the order of a few to tens of teraelectron volts.
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1 Introduction
The Standard Model of particle physics has achieved a remarkable phenomenological
success through the past decades, but there are still unresolved various issues. Such
issues are often discussed in the context of new physics or beyond the Standard Model
theories. Meanwhile, the Standard Model of particle physics as well as many other
theories for describing beyond the Standard Model respect the Lorentz symmetry that
is supported by many experimental inspections. Although in the lower energy limit the
Lorentz symmetry is an almost exact symmetry of nature, it is natural to study theories
involving Lorentz symmetry breaking. In fact, in the Planck scale, the Lorentz symme-
try violation arises through quantum gravity. However, irrespective of the underlying
fundamental theory, there is an appropriate prescription for considering both Lorentz
and Charge conjugation-Parity-Time reversal (CPT) violation in the minimal Standard
Model [1]. In the so-called Standard Model extension (SME) the Lorentz violation is
assumed to be induced by a spontaneous Lorentz symmetry breaking. Therefore, the
Lorentz violated terms in the SME contain Lorentz violated (LV) parameters that are
Lorentz quantities and act as constant backgrounds. Furthermore, the SME preserves
the observer Lorentz symmetry, whereas the particle Lorentz symmetry is violated.
Meanwhile, the phenomenological aspects of the SME have been extensively considered
by many authors [2] that have been led to very tight bounds on the LV parameters [3].
Furthermore, noncommutative (NC) space-time intrinsically breaks the Lorentz sym-
metry that in many works has resulted from considering the NC effects on the deviation
in Lorentz symmetry invariance [4]. Moreover, the Lorentz symmetry violation in the
noncommutative Standard Model (NCSM) may be systematically compared with the
SME to find various relations between the LV parameters and the parameter of non-
commutativity θµν . Although the NC field theories and their phenomenological aspects
have been studied for many years [5], the obtained tight bounds on the LV parameters
can provide new bounds on the value and even the components of θµν . Actually, such
relations in the QED and Higgs parts of NCSM and the SME have resulted in more
restricted bounds on the NC parameter [6, 7]. Here, we will study the Lorentz violation
in the electroweak part of NCSM to find the corresponding relations between the LV
and NC parameters. In this article, we briefly introduce the Lagrangian of the SME
and NCSM, respectively, in Secs. 2 and 3. The mutual relations among the parameters
of both theories are explored in Sec. 4. We study the components of LV parameters
to find new bounds on the value and also the components of NC parameter in Sec. 5.
Moreover, we examine the time and location dependence of LV parameters to give the
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location dependence of the NC parameter in different experiments. In Sec. 6, we give
a summary and some concluding remarks.
2 Standard Model extension
The Standard Model extension provides a framework for considering the violation of
Lorentz symmetry via a spontaneous symmetry breaking (SSB) at a fundamental level.
Regardless of the fundamental theory, it can be constructed by taking all possible
Lorentz violating terms into account that preserve the gauge symmetry of the Standard
Model and to be power-counting renormalizable. These additional terms are combina-
tions of the ordinary SM fields and parameters with Lorentz indices acting as constant
backgrounds that lead to particle Lorentz symmetry violation [1]. To this end, the
Lagrangian density for the electroweak part of the standard model in natural units
~ = c = ǫ0 = 1 can be introduced as follows:
LSMFermion =
1
2
iLAγ
µ←→DµLA + 1
2
iRAγ
µ←→DµRA, (1)
LSMGauge = −
1
2
Tr(WµνW
µν)− 1
4
BµνB
µν . (2)
LSMHiggs = (Dµφ)†Dµφ+ µ2φ†φ−
λ
3!
(φ†φ)2, (3)
LSMY ukawa = −[(GL)ABLAφRB] +H.c., (4)
where Dµ denotes the appropriate covariant derivative in each term, A
←→
∂µB ≡ A(−→∂µB)−
(
−→
∂µA)B, and Wµν and Bµν are the field strengths for the gauge groups SU(2) and U(1)
with the gauge fields Wµ and Bµ, respectively. In the Higgs and Yukawa parts, φ shows
the Higgs doublet representation with coupling λ and GL’s are the Yukawa couplings.
Meanwhile, the left- and right-handed fermions are defined as
LA =
(
νA
lA
)
L
, RA = (lA)R, (5)
for leptons and
L′A =
(
UA
DA
)
L
, R′A = (QA)R, (6)
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for quarks where A = 1, 2, 3 labels the flavors for each generation, and Q is up- or down-
type quarks. Now, we add all possible Lorentz violating terms to the SM-Lagrangian
that preserve the gauge symmetries and are power-counting renormalizable. These
additional terms can be categorized into CPT-even that preserves the CPT symmetry
and CPT-odd with the CPT symmetry violation. Therefore, the SME Lagrangian can
be introduced as follows: The fermion sector
LCPT−evenFermion = i
1
2
(cL)µνABLAγ
µ←→DνLB + i1
2
(cR)µνABRAγ
µ←→DνRB, (7)
and
LCPT−oddFermion = −(aL)µABLAγµLB − (aR)µABRAγµRB, (8)
where the free parameters cL and aL show the LV parameters in the fermion sector for
the leptons. Meanwhile, the quark terms can easily be found by replacing L and R,
respectively, with L′ and R′ in an appropriate manner [1].
The gauge sector
LCPT−evenGauge = −
1
2
(kW )µνρσTr(W
µνW ρσ)− 1
4
(kF )µνρσB
µνBρσ, (9)
and
LCPT−oddGauge = (k2)κǫκλµνTr(WλWµν +
2
3
igWλWµWν)
+ (k1)κǫ
κλµνBλBµν + (k0)κW
κ, (10)
where the LV parameters in this sector are kW , kF , and k0,1,2 and Tr mean the trace
with respect to the SU(2) group. Nevertheless, the real parameters k0,1,2 are associated
with a negative contribution to the energy, which leads to some instability in the SME,
and one may assume them to be zero.
The Higgs sector
LCPT−evenHiggs =
1
2
(kφφ)
µν(Dµφ
†)Dνφ+H.c.
− 1
2
(kφB)
µνφ†φBµν − 1
2
(kφW )
µνφ†Wµνφ, (11)
for CPT-even and for CPT-odd one has
LCPT−oddHiggs = i(kφ)µφ†Dµφ+H.c., (12)
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where H.c shows the Hermitian conjugate and kφφ, kφB, kφW and kφ denote the LV
parameters in the Higgs sector. Finally, the Yukawa sector can be cast into [1, 8]
LCPT−evenY ukawa =
1
2
(KL)µν∂
µφ∂νφ− (h)ABLAφRB − iγ5(h′)ABLAφRB
− 1
2
(HL)µνABLAφσ
µνRB +H.c., (13)
for the CPT-even part, and the CPT-odd part can be written as
LCPT−oddY ukawa = −(IL)µABLAγµφRB − (JL)µABLAγ5γµφRB +H.c., (14)
where KL, h, h
′, HL, IL, and JL are the LV parameters in the Yukawa sector. The LV
parameters that are introduced in (7)-(14) are sensitive to different experiments. The
current bounds on the values of different LV parameters are available in Ref. [3].
3 Noncommutative Standard Model
In noncommutative space-time, the coordinates are operators that in the canonical
version obey a noncommutative relation as follows:
[xµ,∗ xν ] ≡ xµ ⋆ xν − xν ⋆ xµ = iθµν = iǫµν
Λ2NC
, (15)
where ΛNC denotes the NC scale of energy, and θ
µν is a real constant antisymmetric
matrix that can be realized as two distinct constant vectors in a four-dimensional space-
time. These constant vectors obviously violate the particle Lorentz symmetry that in
turn relates the NCSM to a subset of the SME. Meanwhile, based on the Weyl-Moyal
⋆ product that can be defined as
(f ⋆ g)(x) = exp
(
i
2
θµν
∂
∂xµ
∂
∂yν
)
f(x)g(y)
∣∣∣∣
y→x
, (16)
which in the leading order leads to
f ⋆ g = f · g + i
2
θµν(x)∂µf · ∂νg +O(θ2), (17)
one can construct the NCSM by two different approaches. As in the NC space only
for a unitary group dose one have a closed Lie algebra for generators of the group;
therefore, in the first approach the SM gauge group has been achieved through a two
steps spontaneous symmetry breaking from the U(3) × U(2) × U(1) symmetry group
[9]. In the second approach, by extending the algebra [10], one can consider the SU(n)
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gauge group via Seiberg-Witten (SW) maps [11]. However, to find the relation between
NCSM and SME, we consider the second approach in which the symmetry group, the
number of particles, the couplings, and the gauge fields are the same as the SM in the
commutative space. To this end, one can define the whole gauge potential Vµ in the
noncommutative Standard Model as
Vµ = g
′Bµ(x)Y + g
3∑
a=1
Wµa(x)T
a
L + gS
8∑
b=1
Gµb(x)T
b
S, (18)
where Y, T aL, and T
b
S are the generators of U(1)Y , SU(2)L, and SU(3)C with the cor-
responding nonphysical gauge fields Bµ, Wµ, and Gµ, respectively. Therefore, the full
NCSM action can be written as follows:
SNCSM =
∫
d4x
3∑
i=1
Ψ̂
(i)
L ⋆ i /̂DΨ̂
(i)
L +
∫
d4x
3∑
i=1
Ψ̂
(i)
R ⋆ i /̂DΨ̂
(i)
R
−
∫
d4x
1
2g′
tr1F̂µν ⋆ F̂
µν −
∫
d4x
1
2g
tr2F̂µν ⋆ F̂
µν
−
∫
d4x
1
2gS
tr3F̂µν ⋆ F̂
µν +
∫
d4x
(
ρ0(D̂µΦ̂)
† ⋆ ρ0(D̂
µΦ̂)
−µ2ρ0(Φ̂)† ⋆ ρ0(Φ̂)− λρ0(Φ̂)† ⋆ ρ0(Φ̂) ⋆ ρ0(Φ̂)† ⋆ ρ0(Φ̂)
)
+
∫
d4x
(
−
3∑
i,j=1
W ij
(
(
¯̂
L
(i)
L ⋆ ρL(Φ̂)) ⋆ ê
(j)
R +
¯̂e
(i)
R ⋆ (ρL(Φ̂)
† ⋆ L̂(j)L )
)
−
3∑
i,j=1
Giju
(
(
¯̂
Q
(i)
L ⋆ ρQ¯(
̂¯Φ)) ⋆ û(j)R + ¯̂u(i)R ⋆ (ρQ¯(̂¯Φ)† ⋆ Q̂(j)L ))
−
3∑
i,j=1
Gijd
(
(
¯̂
Q
(i)
L ⋆ ρQ(Φ̂)) ⋆ d̂
(j)
R +
¯̂
d
(i)
R ⋆ (ρQ(Φ̂)
† ⋆ Q̂(j)L )
))
, (19)
where the hat denotes the field in the NC space that can be obtained in terms of the
corresponding field in the ordinary space via the SW map. For the fermion fields, Higgs
field, gauge potentials, and the field strengths on the NC space-time the corresponding
relations can be found in Refs.[10, 12]. The matrices W ij, Giju , and G
ij
d show the
Yukawa couplings and tri’s, and i = 1, 2, 3 show traces with respect to U(1)Y , SU(2)L,
and SU(3)C , respectively, as is defined in [10]. Now we would like to explore the Lorentz
violation in the electroweak part (EW) of the NCSM (NCEW). For this purpose, the
electroweak part of NCSM should be expanded up to the first order of θ. To this end,
one can introduce the corresponding action as follows:
SNCEW = S
NC
Fermion + S
NC
Gauge + S
NC
Higgs + S
NC
Y ukawa. (20)
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As (19) shows, one can easily see that
SNCFermion =
∫
d4x
(∑
A
Ψ̂
(A)
L ⋆ i /̂DΨ̂
(A)
L +
∑
A
Ψ̂
(A)
R ⋆ i /̂DΨ̂
(A)
R
)
, (21)
where Ψ̂
(A)
L and Ψ̂
(A)
R are the left-handed SU(2) doublets and the right-handed SU(2)
singlets for the flavor A, respectively. To find the fermion part of action up to the
first order of θ the star product should be expanded in terms of θ and the NC fields
should be replaced by the ordinary fields up to the first order of θ via the SW map. For
instance, for the first generation of the lepton fields ΨA = LL, eR and up to the leading
order Ψ̂A = ΨA +Ψ
(1)
A where for the ith generation Ψ
(1)
A can be obtained as
L
(i)1
L [B,W ] = −
1
2
g′θµνBµ∂νL
(i)
L −
1
2
gθµνWµ∂νL
(i)
L
+
i
4
θµν (g′Bµ + gWµ) (g
′Bν + gWν)L
(i)
L , (22)
for the left-handed leptons and
e
(i)1
R [B] = −
1
2
g′θµνBµ∂νe
(i)
R , (23)
for the right-handed ones. Therefore, the leptonic part of the action can be rewritten
as
SNCLepton =
∫
d4x
(∑
i
(
L¯
(i)
L + L¯
(i)1
L
)
⋆ i
(
/DSM + /Γ
)
⋆
(
L
(i)
L + L
(i)1
L
)
+
∑
i
(
e¯
(i)
R + e¯
(i)1
R
)
⋆ i
(
/DSM + /Γ
)
⋆
(
e
(i)
R + e
(i)1
R
))
+O(θ2), (24)
in which for the vector potential in the NC space we have defined V̂µ = Vµ+ iΓµ where
up to the first order of θ through the SW map one has
Γµ = i
1
4
θαβ{g′Bα + gWα, g′∂βBµ + g∂βWµ + g′Bβµ + gWβµ}, (25)
with the field strengths Bµν and Wµν corresponding to the gauge groups U(1) and
SU(2), respectively. By replacing (22), (23), and (25) in (24) and expanding the star
product up to the first order of θ and after a little algebra one can find the lowest NC
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corrections on the leptonic action as follows:
SNCLepton =
∫
d4x
∑
i
L¯
(i)
L i /D
SML
(i)
L
− 1
4
θµν
∫
d4x
∑
i
L¯
(i)
L (g
′Bµν + gWµν)i /D
SML
(i)
L
− 1
2
θµν
∫
d4x
∑
i
L¯
(i)
L γ
α(g′Bαµ + gWαµ)iD
SM
ν L
(i)
L
+
∫
d4x
∑
i
e¯
(i)
R i /D
SMe
(i)
R
− 1
4
θµν
∫
d4x
∑
i
e¯
(i)
R g
′Bµνi /D
SMe
(i)
R
− 1
2
θµν
∫
d4x
∑
i
e¯
(i)
R γ
αg′BαµiD
SM
ν e
(i)
R +O(θ2), (26)
where DSM shows the covariant derivative in the ordinary Standard Model. The quark
part of the fermionic action has a similar structure to the leptonic part which can easily
be obtained by inserting ΨA = L
′
A, R
′
A for the left- and right-handed quarks with the
appropriate SW map in the action (21) [10].
In (19) the gauge part of the EW action is
SNCGauge = −
∫
d4x
1
2g′
tr1F̂µν ⋆ F̂
µν −
∫
d4x
1
2g
tr2F̂µν ⋆ F̂
µν , (27)
with the following expansion for the field strength:
F̂µν = Fµν + F
1
µν +O(θ2), (28)
where
Fµν = g
′Bµν + gWµν , (29)
and
F 1µν =
1
2
θαβ{Fµα, Fνβ} − 1
4
θαβ{Vα, (∂β +Dβ)Fµν}. (30)
By inserting the field strengths up to the lowest order in (27) and expanding the star
products one finds the EW gauge action up to the first order of θ in the NC space as
SNCGauge = −
1
4
∫
d4xBµνB
µν − 1
2
Tr
∫
d4xWµνW
µν
− g θµν Tr
∫
d4xWµρWνσW
ρσ. (31)
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The NC action for the Higgs field in (19) is
SNCHiggs =
∫
d4x
(
ρ0
(
DµΦ̂
)†
⋆ ρ0
(
DµΦ̂
)
− µ2ρ0(Φ̂)† ⋆ ρ0(Φ̂)− λ(ρ0(Φ̂)† ⋆ ρ0(Φ̂)) ⋆ (ρ0(Φ̂)† ⋆ ρ0(Φ̂))
)
, (32)
where up to the lowest order of θ one has
ρ0(Φˆ) = φ+ ρ0(φ
1) +O(θ2), (33)
with
ρ0(φ
1) = −1
2
θαβ(g′Bα + gWα)∂βφ+ i
1
4
θαβ(g′Bα + gWα)(g
′Bβ + gWβ)φ. (34)
By retaining all terms in the action (32) at the leading order of the expansion in θ one
can easily find
SNCHiggs =
∫
d4x
(
(DSMµ φ)
†DSMµφ− µ2φ†φ− λ(φ†φ)(φ†φ)
)
+
∫
d4x
(
(DSMµ φ)
†
(
DSMµρ0(φ
1) +
1
2
θαβ∂αV
µ∂βφ+ Γ
µφ
)
+
(
DSMµ ρ0(φ
1) +
1
2
θαβ∂αVµ∂βφ+ Γµφ
)†
DSMµφ
+
1
4
µ2θµνφ†(g′Bµν + gWµν)φ− λiθαβφ†φ(DSMα φ)†(DSMβ φ)
)
+O(θ2). (35)
For the NC Yukawa action, we only consider the leptonic part while the quark part can
be obtained by replacing the corresponding fields with the leptonic ones. In this case,
the action is
SNCY ukawa =
∫
d4x
(
−
3∑
i,j=1
W ij
(
(
¯̂
L
(i)
L ⋆ ρL(Φ̂)) ⋆ ê
(j)
R +
¯̂e
(i)
R ⋆ (ρL(Φ̂)
† ⋆ L̂(j)L )
))
,
(36)
where by keeping only terms up to the first order of θ and using the appropriate repre-
sentation for ρL [10] the action (36) leads to
SNCY ukawa = S
SM
Y ukawa −
∫
d4x
( 3∑
i,j=1
W ij
(
(L¯iLφ)e
1j
R + (L¯
i
LρL(φ
1))ejR
+ (L¯1iLφ)e
j
R + i
1
2
θαβ∂αL
i
L∂βφe
j
R + e¯
i
R(φ
†L1jL )
+ e¯iR(ρL(φ
1)†LjL) + e¯
1i
R(φ
†LjL) + i
1
2
θαβ∂αe¯
i
R∂βφ
†LjL
))
, (37)
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which SSMY ukawa is defined in (4) and L
(1)
L and e
(1)
R are given in (22) and (23).
The total action through the NC parameter θµν violates the particle Lorentz symmetry,
which can be considered as a subset of SME. Now we are ready to explore the mutual
relations between the LV parameters and the NC parameter.
4 Lorentz violating parameters in terms of NC pa-
rameter
In the previous section, the electroweak part of the NCSM has been introduced up to
the first order of the NC parameter. Since the parameter of noncommutativity is a
constant tensor, consequently each sector of the action violates the Lorentz symmetry.
Therefore, it is sensible to have some relation between the NCSM and the SME. In the
following subsections, we explore the mutual relations among the parameters of both
theories in each sector.
4.1 Fermion sector
In the fermion sector, the Lagrangian density for the CPT-even part of the SME is
LCPT−evenF = i
1
2
(cL)µνLγ
µ←→DνL+ i1
2
(cR)µνRγ
µ←→DνR, (38)
where with respect to the Left- and Right-handed fields L = (
1− γ5
2
)ψ and R =
(
1 + γ5
2
)ψ, one has
LCPT−evenF = i
1
2
cµνψγ
µ←→Dνψ − i1
2
dµνψγ
µγ5
←→
Dνψ, (39)
where
cµν =
1
2
(cL)µν +
1
2
(cR)µν , (40)
dµν =
1
2
(cL)µν − 1
2
(cR)µν . (41)
Meanwhile, the fermion part of the NCSM Lagrangian density up to the first order of
θ can be written as
LNCF = i
1
2
(cL)µν [B,W ]Lγ
µ←→DνL+ i1
2
(cR)µν [B]Rγ
µ←→DνR +O(θ2), (42)
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in which in terms of the flat space metric ηµν
(cL)µν [B,W ] = −1
2
θαβ(g′Bαβ + gWαβ)ηµν − θαν(g′Bµα + gWµα), (43)
and
(cR)µν [B] = −1
2
θαβg′Bαβηµν − θανg′Bµα, (44)
or in a similar way as is defined in Eq. (39),
cµν [B,W ] = −1
4
θαβ(2g′Bαβ + gWαβ)ηµν − 1
2
θαν(2g
′Bµα + gWµα), (45)
dµν [W ] = −1
4
θαβgWαβηµν − 1
2
θανgWµα. (46)
It should be noted that cµν [B,W ] and dµν [W ] as defined in (45) and (46) are not the
usual LV parameters c and d, respectively. In fact, they depend on the dynamical
fields B and W , which are the gauge fields before spontaneous symmetry breaking.
Therefore, to find the appropriate LV parameters from (45) and (46) one should perform
the following steps:
1-Replace the gauge fields B and W with the physical fields A and Z as follows:
W±µ =
W 1µ ∓ iW 2µ√
2
, Zµ =
−g′Bµ + gW 3µ√
g2 + g′2
and Aµ =
gBµ + g
′W 3µ√
g2 + g′2
, (47)
and for the field strength tensors
Bµν = cos θωAµν − sin θωZµν , (48)
W 3µν = sin θωAµν + cos θωZµν , (49)
where θω is the Weinberg angle.
2-Introduce a background electromagnetic field Abµν via Aµν → Abµν + Aµν in (45) and
(46), which leads to
cµν [A
b] = g sin θω(−3
4
θαβAbαβηµν −
3
2
θανA
b
µα), (50)
and
dµν [A
b] = g sin θω(−1
4
θαβAbαβηµν −
1
2
θανA
b
µα), (51)
where the LV parameters are obtained in term of the NC parameter through the elec-
tromagnetic background field Abµν . In fact, (50) and (51) show that in the presence
of the NC background the LV parameters in the fermion sector arise only when there
is a background electromagnetic field. Meanwhile, as the NCEW respects the CPT
symmetry, the coefficients aµ(L,R) in this sector are absent.
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4.2 Gauge sector
There are two versions for the gauge sector of the NCSM as is given in (27). The origin
of freedom in the gauge sector is due to the fact that the commutator of two gauge
parameters does not form a closed Lie algebra in noncommutative space. The only
exception is the fundamental representation of the U(N) group. Therefore, for the gauge
group of the Standard Model one needs to extend the algebra, which leads to an infinite
number of undefined parameters. They can be limited to the right number of fields and
parameters via Seiberg-Witten maps, which themselves cannot be uniquely determined
in the model. However, these many degrees of freedom lead to a freedom in the kinetic
term of the gauge fields. In fact, gauge invariance alone is not enough to pick one of
the possible choices [13]. In the minimal noncommutative Standard Model (mNCSM),
which has minimal modification with respect to the ordinary Standard Model, there
is no cubic self-interaction term for photons. In this case, where tr1Y
3 = 0, there
is not any LV coefficient for the gauge sector from mNCSM in comparison with the
SME. However, if one uses the freedom in the choice of trace for the gauge fields, as a
nonminimal version of NCSM (nmNCSM) one has [13]
SnmNCEW
Gauge
= SmNCEW
Gauge
+ g′3κ1θ
ρσ
∫
d4x
(
1
4
BρσBµν −BµρBνσ
)
Bµν
+ g′g2κ2 θ
ρσ
∫
d4x
[
(
1
4
BρσW
a
µν − BµρW aνσ)W µν,a+ c.p.
]
+ O(θ2) , (52)
where κ1 and κ2 are constant parameters, c.p. denotes the cyclic permutations of field
strength tensors with respect to the Lorentz indices, SmNCEW
Gauge
is given in (31), and the
field strengths Bµν(= BµνY ) and Wµν(= W
a
µνT
a
L) are
Bµν = ∂µBν − ∂νBµ ,
W aµν = ∂µW
a
ν − ∂νW aµ + g ǫabcW bµW cν .
(53)
Now, the triple photon coupling can be extracted from (52) by rewriting Bµν and Wµν
in terms of the physical fields as
LnmNCGaugeγγγ =
e
4
sin 2θω Kγγγθ
ρσ (AµνAρσ − 4AµρAνσ)Aµν , (54)
with
Kγγγ =
1
2
gg′(κ1 + 3κ2) . (55)
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Meanwhile, ZZγ and WWγ interactions can be obtained as
LnmNCGaugeZZγ =
e
4
sin 2θW KZZγ θ
ρσ [2Aµν (2ZµρZνσ − ZµνZρσ)
+ 8AµρZ
µνZνσ − AρσZµνZµν ] , (56)
with a similar expression for LnmNCGaugeWWγ by replacing Z by W and KZZγ by KWWγ
where
KZZγ =
−1
2gg′
[
g′4κ1 + g
2
(
g2 − 2g′2
)
κ2
]
, (57)
and
KWWγ = − g
2g′
[
g′2 + g2
]
κ2 . (58)
Therefore, in the presence of the electromagnetic background, Aµν → Abµν+Aµν in each
NC Lagrangian term, which in comparison with the CPT-even gauge part of the SME
as
LCPT−evenGauge = −
1
4
(kW )µνρσW
µνW ρσ − 1
4
(kF )µνρσA
µνAρσ, (59)
where W = [Z,W±], one finds all appropriate LV coefficients for this sector as follows:
(kF )
µνρσ[Ab] = −8εθρσ(Ab)µν + 16εθνσ(Ab)µρ + 32εθλσ(Ab)µληνρ, (60)
where by rewriting (60) as
(kF )
µνρσ[Ab] = −2εθρσ(Ab)µν + 4εθνσ(Ab)µρ + 8εθλσ(Ab)µληνρ
+ 2εθρσ(Ab)νµ − 4εθµσ(Ab)νρ − 8εθλσ(Ab)νληµρ
+ 2εθσρ(Ab)µν − 4εθνρ(Ab)µσ − 8εθλρ(Ab)µληνσ
− 2εθρσ(Ab)νµ + 4εθµρ(Ab)νσ + 8εθλρ(Ab)νληµσ, (61)
one can see that the tensor kF has the properties of the Riemann curvature tensor and
zero double trace. Meanwhile, in a similar way one has
(kZ)
µνρσ[Ab] = 8ε′θρσ(Ab)µν − 16ε′θνσ(Ab)µρ − 32ε′θλσ(Ab)µληνρ,
= 2ε′θρσ(Ab)µν − 4ε′θνσ(Ab)µρ − 8ε′θλσ(Ab)µληνρ
− 2ε′θρσ(Ab)νµ + 4ε′θµσ(Ab)νρ + 8ε′θλσ(Ab)νληµρ
− 2ε′θσρ(Ab)µν + 4ε′θνρ(Ab)µσ + 8ε′θλρ(Ab)µληνσ
+ 2ε′θρσ(Ab)νµ − 4ε′θµρ(Ab)νσ − 8ε′θλρ(Ab)νληµσ, (62)
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and
(kW±)
µνρσ[Ab] = 8ε′′θρσ(Ab)µν − 16ε′′θνσ(Ab)µρ − 32ε′′θλσ(Ab)µληνρ,
= 2ε′′θρσ(Ab)µν − 4ε′′θνσ(Ab)µρ − 8ε′′θλσ(Ab)µληνρ
− 2ε′′θρσ(Ab)νµ + 4ε′′θµσ(Ab)νρ + 8ε′′θλσ(Ab)νληµρ
− 2ε′′θσρ(Ab)µν + 4ε′′θνρ(Ab)µσ + 8ε′′θλρ(Ab)µληνσ
+ 2ε′′θρσ(Ab)νµ − 4ε′′θµρ(Ab)νσ − 8ε′′θλρ(Ab)νληµσ, (63)
where ε = e
4
sin 2θωKγγγ , ε
′ = e
4
sin 2θωKZZγ, and ε
′′ = e
4
sin 2θωKWWγ. One should
note that by replacing q → 32ε in (60) the result given in [6] for the QED part of SME
can be rederived. As one expects, the kAF parameter in this sector is absent.
4.3 Higgs sector
In this sector the NC Higgs action is
SNCHiggs =
∫
d4x
(
(Dµφ)
†Dµφ− µ2φ†φ− λ(φ†φ)(φ†φ)
)
+
∫
d4x
(
(Dµφ)
†
(
Dµρo(φ
1) +
1
2
θαβ∂αV
µ∂βφ+ Γ
µφ
)
+
(
Dµρo(φ
1) +
1
2
θαβ∂αVµ∂βφ+ Γµφ
)†
Dµφ
+
1
4
µ2θµνφ†(g′Bµν + gW
L
µν)φ− λiθαβφ†φ(Dαφ)†(Dβφ)
)
+O(θ2), (64)
where after a little algebra by inserting Γµ from (25) and ρo(φ
1) from (34) in (64) one
has
LNCHiggs =
(
− 1
2
θαν∂αB
µ − iλθµνφ†φ
)
(Dµφ)
†Dνφ
+
(
1
4
µ2
√
g′2 + g2θµν
)
φ†φBµν
+
(
−
√
2
2
gµ2θµν
)
φ†Wµνφ. (65)
By replacingW and B in (65) with A and Z and by comparing the obtained Lagrangian
with (11), one can easily read the LV parameters in this sector as
(kSφφ)
µν [Ab] = −θαν∂αAbµ, (66)
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(kAφφ)
µν [φ] = −2λv2θµν , (67)
(kφB)µν = −1
2
µ2
√
g′2 + g2θµν , (68)
and
(kφW )µν = −
√
2
2
gµ2θµν , (69)
where we have written kφφ in terms of symmetric and antisymmetric parts as (kφφ)[A, φ] =
(kSφφ)[A] + i(k
A
φφ[φ]). We also set < φ
†φ >≡ v2 where v is the vacuum expectation value
of the Higgs field after SSB. These parameters have already been introduced in [7].
4.4 Yukawa sector
For the Yukawa sector, we first substitute (22) and (23) in the NC Yukawa action.
Then, by using the SW map given in [10] and after some manipulations, the action up
to the first order of θ leads to
SNCSMY ukawa = S
SM
Y ukawa −
∫
d4x
3∑
i,j=1
W ij
(
[
i
4
θµνig′Bµν ](L¯
i
Lφe
j
R) + [
i
2
θµν ](DµL¯
i
LDνφe
j
R)
+[
1
4
θµνg′Bν ](DµL¯
i
Lφe
j
R) + [θ
µν(−3g′Bν + 2gWν)](L¯iLDµφejR)
)
+H.c., (70)
for leptons and a similar relation for quarks. As (70) shows, only the first term in
the NC corrections can be cast into a power-counting renormalizable form and can be
compared with its counterpart in the SME. By comparing (70) after SSB with (13), one
can find the coupling constant h in the NC space as follows:
h[Ab] =
1
4
θµνg′ cos θωA
b
µν , (71)
where Abµν is not a dynamical field and it should be considered as a constant background
the same as the other LV parameters. Therefore, for a constant magnetic field about
1G and Λ ∼ 1TeV , the LV-parameter h ∼ 10−27 that is minuscule is the same as the
other LV parameters.
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5 The components of LV parameters
In the previous section, we have found the LV parameters in the electroweak part of the
SME in terms of the NC parameter. These relations can be used to find new bounds on
the value of free parameters of each theory from the existing bound on the other theory.
However, the SME free parameters are extensively examined, and there are stringent
bounds on each component or some combinations of LV parameters [3]. Therefore, by
studying these components new bounds on the NC parameter is expected. To this end,
we define the electromagnetic background Abµν where the Lorentz indices are T and
I = X, Y, Z as follows:
AbT I = (A
b
TX , A
b
TY , A
b
TZ) = (EX , EY , EZ),
AbIJ = (A
b
Y Z , A
b
ZX , A
b
XY ) = (BX , BY , BZ), (72)
and for the θµν
θt = (θTX , θTY , θTZ),
θs = (θY Z , θZX , θXY ), (73)
where θt and θs are the time-space and space-space components of the NC parameter,
respectively. Consequently, for instance, cXX , cY Y , and cZZ from (50) are
cXX = α[−θTYEY − θTZEZ + θY ZBX ], (74)
cY Y = α[−θTXEX − θTZEZ − θXZBY ], (75)
cZZ = α[−θTXEX − θTYEY + θXYBZ ], (76)
and a suitable combination of the LV parameters for the LV experiment as cQ = cXX +
cY Y − 2cZZ , which lead to
cQ = α[θTXEX + θTYEY − 2θTZEZ
+ θY ZBX − θXZBY − 2θXYBZ ], (77)
where α = −3
2
g sin θω. The other important components and their relevant combina-
tions for the fermion part are given in Table 1 and for the other sectors are found in
Appendix A. As Table 1 shows, the bounds on the components of θµν can easily be
obtained as shown in the third column of Table 1.
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Table 1: The LV components in the fermion sector. α = −3
2
g sin θω and β = −12gsinθω.
Parameter NC correspondence Bound System
ceXX α[−θTYEY − θTZEZ + θY ZBX ] 10−15 Astrophysics [14]
ceY Y α[−θTXEX − θTZEZ − θXZBY ] 10−15 Astrophysics [14]
ceY Z α[θTZEY − θXZBZ ] 10−15 Astrophysics [14]
ceZY α[θTYEZ + θXYBY ] 10
−16 Astrophysics [14]
ceZZ α[−θTXEX − θTYEY + θXYBZ ] 10−15 Astrophysics [14]
ceTT α[−θXYBZ + θXZBY − θY ZBX ] 10−15 Collider Physics [15]
ceTY α[θXYEX − θY ZEZ ] 10−15 Collider Physics [15]
ceY T α[θTXBZ − θTZBX ] 10−15 Collider Physics [15]
ceTZ α[θXZEX + θY ZEY ] 10
−13 Collider Physics [15]
cνTY α[θXYEX − θY ZEZ ] 10−27 IceCube [16]
ceY Z + c
e
ZY α[θTZEY − θXZBZ + θTYEZ + θXYBY ] 10−29 Comagnetometer [17]
ceXZ + c
e
ZX α[θTZEX + θY ZBZ + θTXEZ + θXYBX ] 10
−29 Comagnetometer [17]
ceXY + c
e
Y X α[θTYEX + θY ZBY + θTXEY − θXZBX ] 10−29 Comagnetometer [17]
ceXX − ceY Y α[−θTYEY + θY ZBX + θTXEX + θXZBY ] 10−29 Comagnetometer [17]
cnQ α[θY ZBX − θXZBY − 2θXYBZ ] 10−25 Cs/Hg clock comparison [18]
cnQ α[θY ZBX − θXZBY − 2θXYBZ ] 10−25 Be clock comparison [18]
deXX β[−θTYEY − θTZEZ + θY ZBX ] 10−14 Astrophysics [14]
deY Z β[θTZEY − θXZBZ ] 10−15 Astrophysics [14]
deZZ β[−θTXEX − θTYEY + θXYBZ ] 10−15 Astrophysics [14]
deTX β[−θXYEY − θXZEZ ] 10−14 Astrophysics [14]
deTY β[θXYEX − θY ZEZ ] 10−15 Astrophysics [14]
deTZ β[θXZEX + θY ZEY ] 10
−17 Astrophysics [14]
The Lorentz violating parameters are defined in a nonrotating frame. Since the labo-
ratory frame rotates with the Earth’s rotation, the LV components should be time and
location dependent. Therefore, similar experiments in different places should lead to
some discrepancy that is caused by the noncommutativity. To this end, one needs some
relation between the nonrotating basis (X, Y, Z) and the rotating one (x, y, z) where Z
is along the north direction parallel to the Earth’s axis and z is normal to surface of
the Earth, as follows: xy
z
 =
 cosχ cosΩt cosχ sinΩt − sinχ− sinΩt cosΩt 0
sinχ cosΩt sinχ sinΩt cosχ

 XY
Z
 , (78)
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where Ω ≃ 2π/(23h 56min) is the Earth’s sidereal rotation frequency and χ is the angle
between Z and z [17, 19]. By transforming the timelike and spacelike vectors of the
tensors θµν and A
b
µν as are given in (72) and (73), one has
Abyz = Bx = cosχ cosΩtBX + cosχ sinΩtBY − sinχBZ ,
Abzx = By = − sinΩtBX + cos ΩtBY ,
Abxy = Bz = sinχ cosΩtBX + sinχ sinΩtBY + cosχBZ , (79)
and
Abtx = Ex = cosχ cosΩtEX + cosχ sinΩtEY − sinχEZ ,
Abty = Ey = − sinΩtEX + cosΩtEY ,
Abtz = Ez = sinχ cosΩtEX + sinχ sinΩtEY + cosχEZ , (80)
with similar relations for the θµν components. Meanwhile, the components of LV pa-
rameters depend on the time and location via θµν and A
b
µν dependency. For instance,
the combination cY Z + cZY leads to
cY Z + cZY = α{−θtxEx sin 2χ sinΩt− θtxEy sinχ cosΩt− θtxEz(cos2 χ− sin2 χ) sinΩt
+ θtzEx(cos
2 χ− sin2 χ) sinΩt + θtzEy cosχ cosΩt + θtzEz sin 2χ sinΩt
− θtyEx sinχ cosΩt+ θtyEz cosχ cosΩt+ θyzBx sin 2χ sinΩt
− θyzBz(cos2 χ− sin2 χ) sinΩt− θxyBx(cos2 χ− sin2 χ) sinΩt
− θxyBz sin 2χ sinΩt+ θzxBx sinχ cosΩt− θzxBz cosχ cosΩt
+ θyzBy sinχ cosΩt− θxyBy cosχ cosΩt},
(81)
where its time average is zero as sinΩt = cosΩt = 0. All time and location dependence
of the LV components and their relevant combinations are given in Appendixes B and
C. However, the nonzero parameters after the time averaging for the fermion and Higgs
sectors are presented in Tables 2 and 3. In Table 2, for simplicity, the NC location
dependence is given in terms of the physical parameters in the rotating frame. For
this purpose, the magnetic vector in the rotating frame is
−→
B ≡ (Abyz , Abzx, Abxy) which is
obtained from (79) and similarly for the vector
−→
θ ≡ (θyz , θzx, θxy) in the same frame as
θ1 = θyz = cosχ cosΩtθY Z + cosχ sinΩtθZX − sinχθXY ,
θ2 = θzx = − sin ΩtθY Z + cos ΩtθZX ,
θ3 = θxy = sinχ cosΩtθY Z + sinχ sinΩtθZX + cosχθXY , (82)
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which leads to
−→
θ .
−→
B = θ1A
b
yz + θ2A
b
zx + θ3A
b
xy in Table 2.
Table 2: Location dependence of the nonzero LV parameters in the fermion sector.
Here, α = −3
2
g sin θω and the electric field has been ignored.
Parameter NC location dependence
cTT α{−(θ.B)x − (θ.B)y − (θ.B)z}
cXX α{12 cos2 χ(θ.B)x + 12(θ.B)y + 12 sin2 χ(θ.B)z + 14 sin 2χ(θxBz + θzBx)}
cY Y α{12 cos2 χ(θ.B)x + 12(θ.B)y + 12 sin2 χ(θ.B)z + 14 sin 2χ(θxBz + θzBx)}
cZZ α{sin2 χ(θ.B)x + cos2 χ(θ.B)z − 12 sin 2χ(θxBz + θzBx)}
cXY α{12 sinχ(θ ×B)x − 12 cosχ(θ ×B)z}
cY X α{−12 sinχ(θ × B)x + 12 cosχ(θ ×B)z}
cQ α{(cos2 χ− 2 sin2 χ)(θ.B)x + (θ.B)y + (sin2 χ− 2 cos2 χ)(θ.B)z
+3
2
sin 2χ(θxBz + θzBx)}
Table 3: Location dependence of the nonzero LV parameters in the Higgs sector. Here,
α = −1
2
µ2
√
g′2 + g2, β = −
√
2
2
gµ2, and γ = −2λv2.
Parameter NC location dependence
(kφB)TZ α{− sinχθtx + cosχθtz}
(kφB)XY α{− sinχθyz + cosχθxy}
(kφW )TZ β{− sinχθtx + cosχθtz}
(kφW )XY β{− sinχθyz + cosχθxy}
(kAφφ)TZ γ{− sinχθtx + cosχθtz}
(kAφφ)XY γ{− sinχθyz + cosχθxy}
Nevertheless, to find the bound on the components of θµν , one should precisely ex-
amine how the electromagnetic background field affects the system under consideration.
One of the experiments that leads to valuable bounds on the NC parameter is the clock
comparison test. In such a system:
1. The background electric field is usually of order of 10V/cm ∼ 10−22GeV 2, which
is much smaller than the background magnetic field of order of 0.1 − 1T ∼ 10−17 −
10−16GeV 2 [17]. Therefore, the electric field can safely be ignored.
2. Although the parameter of noncommutativity θ is fixed, the magnetic field rotates
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with respect to the fixed frame,
BX = cosχ cosΩtBx − sinΩtBy + sinχ cosΩtBz ,
BY = cosχ sinΩtBx + cosΩtBy + sinχ sinΩtBz,
BZ = − sinχBx + cosχBz, (83)
where χ ≃ 118◦ is the angle between the magnetic field and the Earth’s axis of rotation
in the Cs/Hg clock comparison test [18]. In this experiment the time average B¯X =
B¯Y = 0 while B¯Z = −0.88Bx − 0.46Bz. Therefore, for (Bx, By, Bz) = (0, 0, B), one
has B¯Z = −0.46B, which puts a bound on θXY as cQ = α(0.92B)θXY ∼ 10−25 or
| θXY |< (10TeV )−2 for B ∼ 1T . For the other clock comparison tests available in Ref.
[3], one can put new bounds on different components of the NC parameter as is given
in Table 4.
Table 4: NC bounds from the clock comparison experiment for the fermion’s LV pa-
rameters | b˜eJ |< 10−27GeV and | d˜eJ |< 10−22GeV where J = X, Y as is given in
[3]. The corresponding nonzero parameters in the NC space lead to b˜J = −mdJT and
d˜J = m(dTJ +
1
2
dJT ) where m is the mass of the fermion.
Parameter NC correspondence Experimental bound Bound on θ
deXT β[−θTYBZ − θTZBY ] 2× 10−24 | θTY |< (10TeV )−2
deY T β[θTXBZ − θTZBX ] 2× 10−24 | θTX |< (10TeV )−2
deTX +
1
2
deXT β[−θXYEY − θXZEZ ] + 12β[−θTYBZ − θTZBY ] 2× 10−19 | θTY |< (10GeV )−2
deTX +
1
2
deXT β[−θXYEX − θY ZEZ ] + 12β[θTXBZ − θTZBX ] 2× 10−19 | θTX |< (10GeV )−2
cnQ α(θY ZBX − θXZBY − 2θXYBZ) 10−25 | θXY |< (10TeV )−2
6 Conclusion
We considered NCSM as a subset of SME to find the mutual relations between the
parameters of both theories. For this purpose, the electroweak part of the NCSM up
to the first order of the NC parameter has been expanded by using the SW maps.
Although θ-dependent terms violate particle Lorentz symmetry, except in the Higgs
sector, they have not any counterparts in the SME. Consequently, NCSM is considered
in the presence of a constant electromagnetic field as a background. Subsequently, a
lot of relations between the LV parameters and the NC parameter in each sector of the
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SME have been found in Sec. 4. For the Yukawa sector, we found a power-counting
renormalizable term that violates Lorentz symmetry and is proportional to the NC
parameter. This term in a background field about 1G and for Λ ∼ 1TeV leads to
the corresponding LV parameters of the order of 10−27, which is very small like the
other LV parameters. In Ref. [3] the latest bounds from many precise measurements
on the components or some combinations of LV parameters is collected, which led
to new bounds on the components of NC parameters or some combinations of θµν
components as is given in Tables 1 and 4. For instance, in the clock comparison test
a bound of order (10TeV )−2 can be found on the |θXY |. We also explored the time
and location dependencies of the LV parameters to obtain the location dependence of
different experiments on the NC parameter as is found in Tables 2 and 3.
7 Appendix
A The components of LV guage parameters
In this appendix, we derive all the LV parameters in the gauge sector that are related
to the kF in terms of the NC parameter and the electromagnetic background fields.
κ˜tr = −2
3
[
(kF )
TXTX + (kF )
TY TY + (kF )
TZTZ
]
= −176
3
[
θTX(Ab)TX + θTY (Ab)TY + θTZ(Ab)TZ
]
= −176
3
[
θTXEX + θTYEY + θTZEZ
]
, (84)
k1 = (kF )
TY XZ
= −8εθXZ(Ab)TY + 16εθY Z(Ab)TX
= −8εθXZEY + 16εθY ZEX , (85)
k2 = (kF )
TXY Z
= −8εθY Z(Ab)TX + 16εθXZ(Ab)TY
= −8εθY ZEX + 16εθXZEY , (86)
k3 = (kF )
TY TY − (kF )XZXZ
= 24εθTY (Ab)TY + 24εθZX(Ab)XZ − 32εθZT (Ab)TZ + 32εθY X(Ab)XY
= 24εθTYEY − 24εθZXBY + 32εθTZEZ − 32εθXYBZ , (87)
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k4 = (kF )
TZTZ − (kF )XY XY
= 24εθTZ(Ab)TZ − 24εθXY (Ab)XY − 32εθY T (Ab)TY + 32εθZX(Ab)XZ
= 24εθTZEZ − 24εθXYBZ + 32εθTYEY − 32εθZXBY , (88)
k5 = (kF )
TXTY + (kF )
XZY Z
= 24εθTY (Ab)TX + 24εθY Z(Ab)XZ − 32εθXY (Ab)XY
= 24εθTYEX − 24εθY ZBY − 32εθXYBZ , (89)
k6 = (kF )
TXTZ − (kF )XY Y Z
= −8εθTZ(Ab)TX − 8εθY Z(Ab)XY
= −8εθTZEX − 8εθY ZBZ , (90)
k7 = (kF )
TY TZ + (kF )
XY XZ
= −8εθTZ(Ab)TY − 8εθXZ(Ab)XY
= −8εθTZEY − 8εθXZBZ , (91)
k8 = (kF )
TXXY + (kF )
TZY Z
= −24εθXY (Ab)TX + 24εθY Z(Ab)TZ
= −24εθXYEX + 24εθY ZEZ , (92)
k9 = (kF )
TXXZ − (kF )TY Y Z
= 8εθXZ(Ab)TX − 8εθY Z(Ab)TY
= 8εθXZEX − 8εθY ZEY , (93)
k10 = (kF )
TY XY − (kF )TZXZ
= −8εθXY (Ab)TY + 8εθXZ(Ab)TZ
= −8εθXYEY + 8εθXZEZ , (94)
where ε has been introduced in the gauge subsection of Sec. 4.
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B Time dependence on LV parameters
In Sec. 5, θµν and A
b
µν were introduced in terms of their electric- and magnetic-like
components and, subsequently, their time and location dependence. Here, by using
these relations we give the time dependence of the LV parameters in the fermion and
Higgs sectors of the SME.
• Fermion sector
The time dependence of all components and some of their important combinations in
the fermion sector are as follows:
cTT = α{−θyzAbyz − θxyAbxy − θzxAbzx}, (95)
cXX = α{−θtxAbtx(sin2 χ + cos2 χ sin2Ωt)−
1
2
θtxA
b
ty cosχ sin 2Ωt+
1
2
θtxA
b
tz sin 2χ cos
2Ωt
− 1
2
θtyA
b
tx cosχ sin 2Ωt− θtyAbty cos2Ωt−
1
2
θtyA
b
tz sinχ sin 2Ωt
+
1
2
θtzA
b
tx sin 2χ cos
2Ωt− 1
2
θtzA
b
ty sinχ sin 2Ωt− θtzAbtz(cos2 χ+ sin2 χ sin2Ωt)
+ θyzA
b
yz cos
2 χ cos2Ωt− 1
2
θyzA
b
zx cosχ sin 2Ωt+
1
2
θyzA
b
xy sin 2χ cos
2Ωt
− 1
2
θzxA
b
yz cosχ sin 2Ωt + θzxA
b
zx sin
2Ωt− 1
2
θzxA
b
xy sinχ sin 2Ωt
+
1
2
θxyA
b
yz sin 2χ cos
2Ωt− 1
2
θxyA
b
zx sinχ sin 2Ωt + θxyA
b
xy sin
2 χ cos2 Ωt}, (96)
cY Y = α{−θtxAbtx(sin2 χ + cos2 χ cos2Ωt) +
1
2
θtxA
b
ty cosχ sin 2Ωt+
1
2
θtxA
b
tz sin 2χ sin
2Ωt
+
1
2
θtyA
b
tx cosχ sin 2Ωt− θtyAbty sin2Ωt +
1
2
θtyA
b
tz sinχ sin 2Ωt
+
1
2
θtzA
b
tx sin 2χ sin
2Ωt +
1
2
θtzA
b
ty sinχ sin 2Ωt− θtzAbtz(cos2 χ+ sin2 χ cos2Ωt)
+θyzA
b
yz cos
2 χ sin2Ωt +
1
2
θyzA
b
zx cosχ sin 2Ωt +
1
2
θyzA
b
xy sin 2χ sin
2Ωt
+
1
2
θzxA
b
yz cosχ sin 2Ωt + θzxA
b
zx cos
2Ωt +
1
2
θzxA
b
xy sinχ sin 2Ωt
+
1
2
θxyA
b
yz sin 2χ sin
2Ωt +
1
2
θxyA
b
zx sinχ sin 2Ωt+ θxyA
b
xy sin
2 χ sin2Ωt}, (97)
cZZ = α{−θtxAbtx cos2 χ−
1
2
θtxA
b
tz sin 2χ− θtyAbty
−1
2
θtzA
b
tx sin 2χ− θtzAbtz sin2 χ+ θyzAbyz sin2 χ
−1
2
θyzA
b
xy sin 2χ−
1
2
θxyA
b
yz sin 2χ+ θxyA
b
xy cos
2 χ}, (98)
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cTX = α{θyzAbtx sin 2χ sinΩt + θyzAbty sinχ cosΩt + θyzAbtz(sin2 χ− cos2 χ) sinΩt
+θxyA
b
tx(sin
2 χ− cos2 χ) sinΩt− θxyAbty cosχ cosΩt− θxyAbtz sin 2χ sinΩt
+θzxA
b
tx sinχ cosΩt− θzxAbtz cosχ cosΩt}, (99)
cXT = α{θtxAbyz sin 2χ sinΩt + θtyAbyz sinχ cosΩt + θtzAbyz(sin2 χ− cos2 χ) sinΩt
+θtxA
b
xy(sin
2 χ− cos2 χ) sinΩt− θtyAbxy cosχ cosΩt− θtzAbxy sin 2χ sinΩt
+θtxA
b
zx sinχ cosΩt− θtzAbzx cosχ cosΩt}, (100)
cTY = α{θyzAbty sinχ sinΩt− θyzAbtz cosΩt + θxyAbtx cosΩt
− θxyAbty cosχ sinΩt− θzxAbtx sinχ sinΩt + θzxAbtz cosχ sinΩt}, (101)
cY T = α{θtyAbyz sinχ sinΩt− θtzAbyz cosΩt + θtxAbxy cosΩt
− θtyAbxy cosχ sinΩt− θtxAbzx sinχ sinΩt + θtzAbzx cosχ sinΩt}, (102)
cTZ = α{θyzAbtx cos2 χ sin 2Ωt + θyzAbty cosχ(cos2Ωt− sin2Ωt) +
1
2
θyzA
b
tz sin 2χ sin 2Ωt
+ θzxA
b
tx cosχ(cos
2Ωt− sin2Ωt)− θzxAbty sin 2Ωt + θzxAbtz sinχ(cos2Ωt− sin2Ωt)
+
1
2
θxyA
b
tx sin 2χ sin 2Ωt + θxyA
b
ty sinχ(cos
2Ωt− sin2Ωt) + θxyAbtz sin2 χ sin 2Ωt},
(103)
cZT = α{θtxAbyz cos2 χ sin 2Ωt + θtyAbyz cosχ(cos2Ωt− sin2Ωt) +
1
2
θtzA
b
yz sin 2χ sin 2Ωt
+θtxA
b
zx cosχ(cos
2Ωt− sin2Ωt)− θtyAbzx sin 2Ωt + θtzAbzx sinχ(cos2Ωt− sin2Ωt)
+
1
2
θtxA
b
xy sin 2χ sin 2Ωt + θtyA
b
xy sinχ(cos
2Ωt− sin2Ωt) + θtzAbxy sin2 χ sin 2Ωt},
(104)
cXY = α{1
2
θtxA
b
tx cos
2 χ sin 2Ωt− θtxAbty cosχ sin2Ωt +
1
4
θtxA
b
tz sin 2χ sin 2Ωt
+θtyA
b
tx cosχ cos
2Ωt− 1
2
θtyA
b
ty sin 2Ωt+ θtyA
b
tz sinχ cos 2Ωt
+
1
4
θtzA
b
tx sin 2χ sin 2Ωt− θtzAbty sinχ sin2Ωt +
1
2
θtzA
b
tz sin
2 χ sin 2Ωt
−1
2
θyzA
b
yz cos
2 χ sin 2Ωt− θyzAbzx cosχ cos2Ωt−
1
4
θyzA
b
xy sin 2χ sin 2Ωt
+θzxA
b
yz cosχ sin
2Ωt +
1
2
θzxA
b
zx sin 2Ωt+ θzxA
b
xy sinχ sin
2Ωt
−1
4
θxyA
b
yz sin 2χ sin 2Ωt− θxyAbzx sinχ cos2Ωt−
1
2
θxyA
b
xy sin
2 χ sin 2Ωt},
(105)
24
cY X = α{1
2
θtxA
b
tx cos
2 χ sin 2Ωt− θtyAbtx cosχ sin2Ωt +
1
4
θtzA
b
tx sin 2χ sin 2Ωt
+θtxA
b
ty cosχ cos
2Ωt− 1
2
θtyA
b
ty sin 2Ωt+ θtzA
b
ty sinχ cos 2Ωt
+
1
4
θtxA
b
tz sin 2χ sin 2Ωt− θtyAbtz sinχ sin2Ωt +
1
2
θtzA
b
tz sin
2 χ sin 2Ωt
−1
2
θyzA
b
yz cos
2 χ sin 2Ωt− θzxAbyz cosχ cos2Ωt−
1
4
θxyA
b
yz sin 2χ sin 2Ωt
+θyzA
b
zx cosχ sin
2Ωt +
1
2
θzxA
b
zx sin 2Ωt+ θxyA
b
zx sinχ sin
2Ωt
−1
4
θyzA
b
xy sin 2χ sin 2Ωt− θzxAbxy sinχ cos2Ωt−
1
2
θxyA
b
xy sin
2 χ sin 2Ωt},
(106)
cXZ = α{−1
2
θtxA
b
tx sin 2χ cosΩt+ θtxA
b
ty sinχ sinΩt− θtxAbtz sin2 χ cosΩt
+θtzA
b
tx cos
2 χ cosΩt− θtzAbty cosχ sinΩt +
1
2
θtzA
b
tz sin 2χ cosΩt
−1
2
θyzA
b
yz sin 2χ cosΩt + θyzA
b
xy cos
2 χ cosΩt + θzxA
b
yz sinχ sinΩt
−θzxAbxy cosχ sin Ωt− θxyAbyz sin2 χ cosΩt +
1
2
θxyA
b
xy sin 2χ cosΩt},
(107)
cZX = α{−1
2
θtxA
b
tx sin 2χ cosΩt+ θtyA
b
tx sinχ sinΩt− θtzAbtx sin2 χ cosΩt
+θtxA
b
tz cos
2 χ cosΩt− θtyAbtz cosχ sinΩt +
1
2
θtzA
b
tz sin 2χ cosΩt
−1
2
θyzA
b
yz sin 2χ cosΩt + θxyA
b
yz cos
2 χ cosΩt + θyzA
b
zx sinχ sinΩt
−θxyAbzx cosχ sin Ωt− θyzAbxy sin2 χ cosΩt +
1
2
θxyA
b
xy sin 2χ cosΩt},
(108)
cY Z = α{−1
2
θtxA
b
tx sin 2χ sinΩt− θtxAbty sinχ cosΩt− θtxAbtz sin2 χ sinΩt
+θtzA
b
tx cos
2 χ sinΩt + θtzA
b
ty cosχ cosΩt +
1
2
θtzA
b
tz sin 2χ sinΩt
+
1
2
θyzA
b
yz sin 2χ sinΩt− θyzAbxy cos2 χ sinΩt+ θzxAbyz sinχ cosΩt
−θzxAbxy cosχ cosΩt + θxyAbyz sin2 χ sin Ωt−
1
2
θxyA
b
xy sin 2χ sinΩt},
(109)
25
cZY = α{−1
2
θtxA
b
tx sin 2χ sinΩt− θtyAbtx sinχ cosΩt− θtzAbtx sin2 χ sinΩt
+θtxA
b
tz cos
2 χ sinΩt + θtyA
b
tz cosχ cosΩt +
1
2
θtzA
b
tz sin 2χ sinΩt
+
1
2
θyzA
b
yz sin 2χ sinΩt− θxyAbyz cos2 χ sinΩt + θyzAbzx sinχ cosΩt
−θxyAbzx cosχ cosΩt + θyzAbxy sin2 χ sinΩt−
1
2
θxyA
b
xy sin 2χ sinΩt}.
(110)
cXY + cY X = α{θtxAbtx cos2 χ sin 2Ωt + θtxAbty cosχ(cos2Ωt− sin2Ωt)
+
1
2
θtxA
b
tz sin 2χ sin 2Ωt+ θtyA
b
tx cosχ(cos
2Ωt− sin2Ωt)
−θtyAbty sin 2Ωt+ θtyAbtz sinχ(cos 2Ωt− sin2Ωt)
+
1
2
θtzA
b
tx sin 2χ sin 2Ωt+ θtzA
b
ty sinχ(cos
2Ωt− sin2Ωt)
+θtzA
b
tz sin
2 χ sin 2Ωt− θyzAbyz cos2 χ sin 2Ωt
−θyzAbzx cosχ(cos2Ωt− sin2Ωt)−
1
2
θyzA
b
xy sin 2χ sin 2Ωt
−θzxAbyz cosχ(cos2Ωt− sin2Ωt) + θzxAbzx sin 2Ωt
−θzxAbxy sinχ(cos2Ωt− sin2Ωt)−
1
2
θxyA
b
yz sin 2χ sin 2Ωt
−θxyAbzx sinχ(cos2Ωt− sin2Ωt)− θxyAbxy sin2 χ sin 2Ωt},
(111)
cXZ + cZX = α{−θtxAbtx sin 2χ cosΩt + θtxAbty sinχ sinΩt+ θtxAbtz(cos2 χ− sin2 χ) cosΩt
+θtzA
b
tx(cos
2 χ− sin2 χ) cosΩt− θtzAbty cosχ sinΩt + θtzAbtz sin 2χ cosΩt
+θtyA
b
tx sinχ sinΩt− θtyAbtz cosχ sinΩt− θyzAbyz sin 2χ cosΩt
+θyzA
b
xy cos
2 χ cosΩt + θzxA
b
yz sinχ sinΩt− θzxAbxy cosχ sinΩt
+θxyA
b
yz(cos
2 χ− sin2 χ) cosΩt + θxyAbxy sin 2χ cosΩt}, (112)
cY Z + cZY = α{−θtxAbtx sin 2χ sinΩt− θtxAbty sinχ cosΩt− θtxAbtz(cos2 χ− sin2 χ) sinΩt
+θtzA
b
tx(cos
2 χ− sin2 χ) sinΩt + θtzAbty cosχ cosΩt + θtzAbtz sin 2χ sinΩt
−θtyAbtx sinχ cosΩt + θtyAbtz cosχ cosΩt + θyzAbyz sin 2χ sinΩt
−θyzAbxy(cos2 χ− sin2 χ) sinΩt− θxyAbyz(cos2 χ− sin2 χ) sinΩt
−θxyAbxy sin 2χ sinΩt + θzxAbyz sinχ cosΩt− θzxAbxy cosχ cosΩt
+θyzA
b
zx sinχ cosΩt− θxyAbzx cosχ cosΩt},
(113)
26
cXX − cY Y = α{−θtxAbtx cos2 χ(cos2Ωt− sin2Ωt)− θtxAbty cosχ sin 2Ωt
+
1
2
θtxA
b
tz sin 2χ(cos
2Ωt− sin2Ωt)− θtyAbtx cosχ sin 2Ωt
−θtyAbty(cos2Ωt− sin2Ωt)− θtyAbtz sinχ sin 2Ωt
+
1
2
θtzA
b
tx sin 2χ(cos
2Ωt− sin2Ωt)− θtzAbty sinχ sin 2Ωt
−θtzAbtz sin2 χ(cos2Ωt− sin2Ωt) + θyzAbyz cos2 χ(cos2Ωt− sin2Ωt)
−θyzAbzx cosχ sin 2Ωt +
1
2
θyzA
b
xy sin 2χ(cos
2Ωt− sin2Ωt)
+
1
2
θzxA
b
yz cosχ sin 2Ωt− θzxAbzx(cos2Ωt− sin2Ωt)
−θzxAbxy sinχ sin 2Ωt +
1
2
θxyA
b
yz sin 2χ(cos
2Ωt− sin2Ωt)
−θxyAbzx sinχ sin 2Ωt + θxyAbxy sin2 χ(cos2Ωt− sin2Ωt)},
(114)
cQ = α{θtxAbtx(cos2 χ− 2 sin2 χ) +
3
2
θtxA
b
tz sin 2χ+ θtyA
b
ty
+
3
2
θtzA
b
tx sin 2χ+ θtzA
b
tz(sin
2 χ− 2 cos2 χ) + θyzAbyz(cos2 χ− 2 sin2 χ)
+
3
2
θyzA
b
xy sin 2χ + θzxA
b
zx +
3
2
θxyA
b
yz sin 2χ+ θxyA
b
xy(sin
2 χ− 2 cos2 χ)},
(115)
where α = −3
2
g sin θω. The components of dµν are also the same as cµν components
except for replacing α by β, which is equal to −1
2
g sin θω.
• Higgs sector
In this sector the time dependence of the LV parameters are
(kφB)TX = αθTX = α{cosχ cosΩtθtx − sinΩtθty + sinχ cosΩtθtz},
(116)
(kφB)TY = αθTY = α{cosχ sinΩtθtx − cosΩtθty + sinχ sin Ωtθtz},
(117)
(kφB)TZ = αθTZ = α{− sinχθtx + cosχθtz},
(118)
27
(kφB)Y Z = αθY Z = α{cosχ cosΩtθyz − sin Ωtθzx + sinχ cosΩtθxy},
(119)
(kφB)ZX = αθZX = α{cosχ sinΩtθyz − cosΩtθzx + sinχ sinΩtθxy},
(120)
(kφB)XY = αθXY = α{− sinχθyz + cosχθxy},
(121)
where α = −1
2
µ2
√
g′2 + g2. The components of (kφW )µν are the same as (kφB)µν but
replacing α with β = −
√
2
2
gµ2.
C Location dependence of LV parameters
The time averaging of the obtained LV parameters in Appendix B leads to their location
dependencies as follows:
• Fermion sector
cTT = cTT ,
(122)
cXX = α{−θtxAbtx(sin2 χ+
1
2
cos2 χ) +
1
4
θtxA
b
tz sin 2χ
− 1
2
θtyA
b
ty +
1
4
θtzA
b
tx sin 2χ
− θtzAbtz(cos2 χ +
1
2
sin2 χ) +
1
2
θyzA
b
yz cos
2 χ
+
1
4
θyzA
b
xy sin 2χ+
1
2
θzxA
b
zx
+
1
4
θxyA
b
yz sin 2χ+
1
2
θxyA
b
xy sin
2 χ}, (123)
cY Y = α{−θtxAbtx(sin2 χ+
1
2
cos2 χ) +
1
4
θtxA
b
tz sin 2χ
−1
2
θtyA
b
ty +
1
4
θtzA
b
tx sin 2χ
−θtzAbtz(cos2 χ +
1
2
sin2 χ) +
1
2
θyzA
b
yz cos
2 χ
+
1
4
θyzA
b
xy sin 2χ+
1
2
θzxA
b
zx
+
1
4
θxyA
b
yz sin 2χ+
1
2
θxyA
b
xy sin
2 χ}, (124)
28
cZZ = cZZ , (125)
cXY = α{−1
2
θtxA
b
ty cosχ+
1
2
θtyA
b
tx cosχ+
1
2
θtyA
b
tz sinχ
−1
2
θtzA
b
ty sinχ−
1
2
θyzA
b
zx cosχ+
1
2
θzxA
b
yz cosχ
+
1
2
θzxA
b
xy sinχ−
1
2
θxyA
b
zx sinχ}, (126)
cY X = α{−1
2
θtyA
b
tx cosχ+
1
2
θtxA
b
ty cosχ+
1
2
θtzA
b
ty sinχ
−1
2
θtyA
b
tz sinχ−
1
2
θzxA
b
yz cosχ+
1
2
θyzA
b
zx cosχ
+
1
2
θxyA
b
zx sinχ−
1
2
θzxA
b
xy sinχ}, (127)
cQ = cQ. (128)
It should be noted that the other components and their combinations have vanished
with time averaging.
• Higgs sector
In the Higgs sector, the nonvanishing location dependencies can be obtained as follows:
(kφB)TZ = (kφB)TZ ,
(129)
(kφB)XY = (kφB)XY ,
(130)
in which α = −1
2
µ2
√
g′2 + g2. The location dependence of the other Higgs coefficients
(kφW ) and (kAφφ) are the same as (kφB) except replacing α with β = −
√
2
2
gµ2 and
γ = −2λv2, respectively.
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